Active hexose transport across cultured human Caco-2 cells: characterisation and influence of culture conditions.
Human Caco-2 cells (passage 80 to 100) were seeded onto collagen-coated Millipore filter assemblies and these were maintained in culture either (a) floated on the surface of the medium or (b) submerged within the body of the medium. Structural and functional assessments were made over a 30-day period. After seeding, all cells assumed a flattened, squamous configuration and rapidly became confluent. Cells submerged within the medium formed polarised monolayers with well developed junctional complexes, abundant apical microvilli and increasing levels of alkaline phosphatase activity. Cells grown floated on the surface of the medium formed complex multilayers in which polarisation was confined to the surface layer. Junctional complexes and apical microvilli were similar to those seen in submerged monolayers but alkaline phosphatase activities were higher. Transepithelial electrical resistance increased rapidly from day 1, as the layers became confluent. Electrical resistance was higher and short-circuit current and potential differences were lower across monolayers than across multilayers. After 10 days in culture, the addition of D-glucose to the apical bathing solution, of all cell layers, caused a rapid rise in short-circuit current and potential difference. These changes were sodium-dependent and phlorizin-sensitive. Galactose and 3-O-methylglucose induced similar changes and the affinity constants for these hexoses ranked in the order reported for rat jejunum (Km glucose 2.44 +/- 0.52 mM; Km galactose 8.05 +/- 1.33 mM; Km 3-O-methylglucose 22.0 +/- 5.2 mM). Culture conditions had a marked effect on hexose maximum transport rates (glucose Vmax: submerged 2.94 +/- 0.20 microA/cm2; floated 9.94 +/- 0.82 microA/cm2, P less than 0.05) but affinity constants were unchanged. Apical to basolateral mannitol fluxes, used as an index of paracellular permeability, decreased from day 1 to day 5 and then remained steady. Fluxes across monolayers and multilayers were not significantly different. We conclude that sodium-dependent hexose transport occurs in cultured Caco-2 cell layers grown on permeable supports. Culture conditions, however, have a marked effect on both cell layer structure and function, and should be an important factor when considering Caco-2 cells as an in vitro model of enterocyte function.